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Abstract
We study the five-dimensional (5D) supergravity compactified on an orbifold S1/Z2,
where the U(1)R symmetry is gauged by the graviphoton with Z2-even coupling. In
contrast to the case of gauging with Z2-odd coupling, this class of models has Majorana-
type masses and allows the Scherk-Schwarz (SS) twist even in the warped spacetime.
Starting from the off-shell formulation, we show that the supersymmetry is always
broken in an orbifold slice of AdS5, irrespective of the value of the SS twist parameter.
We analyze the spectra of gaugino and gravitino in such background, and find the SS
twist can provide sizable effects on them in the small warping region.
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1 Introduction
The five-dimensional (5D) warped spacetime has various aspects for the physics beyond
the standard model from the view point of both the phenomenological and the theoretical
studies. For example, a hierarchy between the weak and the Planck scale and ones among
the observed quark/lepton masses and mixings can be explained by the localization of
graviton [1] and matter fields [2] respectively in an orbifold slice of the 5D anti-de Sit-
ter space, AdS5. In the theoretical side, four-dimensional (4D) strongly coupled gauge
theories can be studied within weakly coupled theories in AdS5 by the use of so-called
AdS/CFT correspondence [3]. Moreover, it is known that a low energy effective theory
of strongly coupled heterotic string [4] can be described by 5D supergravity (SUGRA) on
a curved background [5].
Among these features, the structure of supersymmetry (SUSY) [6, 7, 8] in an orbifold
slice of AdS5, and the mediation patterns of SUSY breaking from the hidden to the
visible sector [9] in such background is particularly interesting. Here we focus on some
phenomenological models in a slice of AdS5 with local SUSY. In the SUGRA framework,
the U(1)R gauging is necessary to generate a bulk cosmological constant which makes
the background warped. Then we have basically two ways for realization of such warped
geometry, which are distinguished from each other by the orbifold Z2-parity of the gauge
coupling constant for the U(1)R symmetry gauged by the Z2-odd graviphoton.
In the case of Z2-odd U(1)R gauge coupling, an on-shell SUGRA-matter-Yang-Mills
system was constructed [7], and a lot of phenomenological studies have been done so far
(see, e.g., [10]). However, in order to embed such nontrivial Z2-odd coupling constant
into SUGRA, which changes the sign across the orbifold boundaries, we need a four-form
Lagrange multiplier [11]. On the other hand, in the Z2-even coupling case, almost only
the on-shell formulation for pure SUGRA case has been studied [6], even though it seems
simpler than the Z2-odd coupling case in the sense that it does not require any Lagrange
multiplier whose origin is unclear within the framework of 5D SUGRA.
In this paper, we study the latter case, i.e., 5D SUGRA compactified on an orbifold
S1/Z2 where the U(1)R symmetry is gauged by the graviphoton with Z2-even coupling,
starting from the off-shell formulation [12, 13]. The off-shell formulation allows us to
construct such SUGRA model coupled to an arbitrary number of matter and gauge fields
even with boundary terms. Interestingly enough, this model allows the Scherk-Schwarz
(SS) twist [14] even in the warped geometry [15], in contrast to the case of Z2-odd U(1)R
coupling where it is prohibited from the consistency of the theory [16]. In the absence of
the SS twist, it is briefly shown in Ref. [13] that SUSY is spontaneously broken in a slice
of AdS5 in the case of Z2-even coupling. We reexamine this fact in more general setup,
i.e., including the SS twist, and obtain a result that SUSY is always broken irrespective
of the value of the SS twist parameter.
A scenario of SS SUSY breaking has been extensively studied in a flat space. In such a
case, the SS twist can be interpreted as a Wilson line for some auxiliary gauge field in the
off-shell formulation [17, 18], and appears as a radion mediated SUSY breaking [19] in the
4D effective theory. Thus it is not an explicit breaking of SUSY and gives a controllable
result. Furthermore we have an interesting correlation between the flavor structures of
fermion and sfermion when the hierarchies among quark/lepton masses are consequence
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of the localization of matter fields [20]. However the effect of the SS twist on the soft
SUSY breaking parameters in the warped geometry has not been investigated yet. So we
study the structure of SUSY breaking in detail.
The sections of this paper are organized as follows. In Section 2, we show the La-
grangian for the 5D gauged SUGRA with Z2-even coupling, based on the off-shell formu-
lation. For generality, we also include the SS twist parameter in the action. In Section 3,
we analyze the Killing spinor equations and show that SUSY is spontaneously broken in
a slice of AdS5 irrespective of the value of the twist parameter. In Section 4, we study
SUSY breaking structure in detail by computing spectra of the gaugino and the gravitino.
Section 5 is devoted to summary and discussions. In Appendix A, we briefly review the
off-shell formulation of 5D SUGRA on orbifold derived in Refs. [12, 13].
2 5D gauged supergravity with Z2-even coupling
In this section, we show the Lagrangian for 5D SUGRA compactified on an orbifold
S1/Z2 where the U(1)R symmetry is gauged by the graviphoton with a Z2-even gauge
coupling. We utilize the off-shell formulation given in Refs. [12, 13] and reviewed in
Appendix A, in order to include physical nV vector multiplets and nH hypermultiplets
with some superpotential terms at the orbifold boundaries.
The ingredients of the off-shell formulation for our setup is the Weyl multiplet, (e mµ ,
ψiµ, V
ij
µ , bµ, v
mn, χi, D), the vector multiplets, (M , Wµ, Ω
i, Y ij)I and the hypermultiplets,
(Aαi, ζα, Fαi). The index i = 1, 2 is the SU(2)U-doublet index. The Greek subscripts
µ, ν, . . . describe the vector indices for 5D curved space, and the corresponding tangent
flat space indices are represented by Roman subscripts m, n, . . .. These subscripts with
under-bar will be used for the 4D space other than the compact fifth dimension µ = y or
m = 4.
The index I = 0, 1, 2, . . . , nV labels the vector multiplets, and the I = 0 multiplet is in-
troduced to yield graviphoton degree of freedom which is included in the on-shell SUGRA
(Weyl) multiplet. For hyperscalars Aαi, the index α runs over α = 1, 2, . . . , 2(nC + nH)
where nC and nH are the numbers of the compensator and the physical hypermultiplets,
respectively. Each hyperscalar has a quaternionic structure, and is written as( A2αˆ−1i=1 A2αˆ−1i=2
A2αˆi=1 A2αˆi=2
)
=
(
(Aαˆ+)∗ Aαˆ−
(Aαˆ−)∗ Aαˆ+
)
, (2.1)
where αˆ = 1, . . . , nC+nH . In this paper we adopt the single compensator case, nC = 1, and
divide the indices into two pieces such as α = (a, α) where a = 1, 2 and α = 1, 2, . . . , 2nH
are indices for the compensator and the physical hypermultiplets, respectively. The Z2-
parity assignments for the fields in the above multiplets are summarized in Table 1 in
Appendix A. Throughout this paper, we work in a unit of the 5D Planck mass, M5 = 1.
The most general off-shell action for 5D SUGRA on S1/Z2 orbifold is given by [12]
S =
∫
d4x
∫
dy
{
Lb + Lf + Laux +
∑
l=0,π
L(l)δ(y − lR)
}
, (2.2)
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where Lb, Lf and Laux are the Lagrangians for the bosonic, fermionic and auxiliary fields,
respectively. The L(l) stands for the boundary Lagrangian. These are explicitly shown in
Eqs. (A.3) and (A.4).
2.1 U(1)R gauging and tensions at boundaries
One of important points to realize the warped background geometry is that cosmological
constant terms are included in the Lagrangian, otherwise the background becomes flat.
In order to obtain an orbifold slice of AdS5,
ds2 = e−2σ(y)ηµνdx
µdxν − dy2, σ(y) = k|y|, (2.3)
as a solution of the Einstein equation, the bulk cosmological constant Λ must be balanced
with the tensions Λ(0), Λ(π) at the boundaries [1]. This is the so-called Randall-Sundrum
(RS) relation,
√−6Λ = Λ(0) = −Λ(π). (2.4)
The bulk cosmological constant is generated in SUGRA framework by gaugingR-symmetry
with a Z2-odd gauge field. The most economical choice for such gauge field is the gravipho-
ton which always exists in 5D SUGRA.
In the off-shell (superconformal) formulation of 5D SUGRA, the SU(2)R symmetry is
realized as a diagonal subgroup of SU(2)U×SU(2)C , where SU(2)U is a gauge symmetry
of superconformal group1 which rotates the index i = 1, 2, and SU(2)C is an isometry
group which rotates only the compensator index a = 1, 2 (see the U gauge-fixing condition
in Eq. (A.1)). The simplest version of such R-gauging is a gauging of U(1) subgroup of
SU(2)R. In this case, the covariant derivative of the compensator field is given by
∇µAai = ∂µAai − BµgR(tR)abAbi + · · · , (2.5)
with
tR = i~q · ~σ, |~q| = 1, (2.6)
where Bµ is the graviphoton, ~q is a three-dimensional unit vector that indicates the
direction of the gauging, and ~σ = (σ1, σ2, σ3) are Pauli matrices. In general, the orbifold
projection is expressed as
Φi(x,−y) = ΠZ ijΦj(x, y). (2.7)
where Π = ±1 is the Z2-parity eigenvalue of the field Φ. Without loss of generality,
we choose Z = σ3 in the following. The Z2-parity of compensator is assigned such that
the diagonal components are even while the off-diagonal ones are odd in Eq (2.1). (See
Table 1 in Appendix A.)
Since the graviphoton is Z2-odd, the gauge coupling gR associated to the gauging
(2.6) has to be Z2-odd for ~q = (0, 0, 1) while Z2-even for ~q = (q1, q2, 0). Most of the
1The corresponding gauge field Vµ
i
j
is an auxiliary field and thus non-dynamical.
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phenomenological studies in a slice of AdS5 have been done in the case of ~q = (0, 0, 1) with
Z2-odd coupling gR ∝ ǫ(y) where ǫ(y) is the periodic sign function of the compactified
extra coordinate y. Such Z2-odd coupling can be obtained in a sense dynamically by
introducing four-form Lagrange multiplier [11] into the off-shell formulation [12]. This
multiplier simultaneously generates tensions at the boundaries proportional to ∂yǫ(y) =
2(δ(y) − δ(y − πR)), which automatically satisfies the RS relation (2.4). Here R is the
radius of the orbifold. Thus, this SUGRA model admits an orbifold slice of AdS5 as a
background solution of the Einstein equation [12]. In fact, this background preserves N=1
SUSY, and thus it realizes a SUSY RS model whose on-shell formulation is provided in
Ref. [7].
On the other hand, we do not need such Lagrange multiplier in 5D SUGRA framework
in the case of ~q = (q1, q2, 0) with Z2-even gR. However, in this case, we have to find
some mechanism to generate the tensions at the boundaries because the contribution to
the tensions from the Lagrange multiplier no longer exists. In the off-shell formulation,
constant pieces in the superpotential at the orbifold boundaries generate such tensions
because now the U(1)R symmetry is gauged with Z2-even coupling gR which does not
vanish at the boundaries2.
Thus we introduce N = 1 invariant constant superpotential terms at the orbifold
boundaries, ∑
l=0,π
L(l)δ(y − lR) ⊃ LW =
∑
l=0,π
δ(y − lR)[φ3W (l)]F , (2.8)
where φ is a compensator chiral multiplet induced from the bulk compensator hyper-
multiplet, whose lowest component is Aa=2i=2 and [. . .]F represents the F -term invariant
formula of N = 1 superconformal tensor calculus [13, 21]. The complex constant W (l)
is parameterized as W (l) = w
(l)
2 + iw
(l)
1 with real constants w
(l)
1,2. Because LW contains a
tadpole of the auxiliary field Fai in the compensator hypermultiplet (as well as of V ijy ),
we rearrange the F -related part of auxiliary Lagrangian Laux shown in Eq. (A.3) and find
LW + LFaux = Ltension + Lw + LFaux
∣∣
Fai→F
a
i+C
a
i
, (2.9)
where
Ltension = −4e(4)gRM I=0
∑
l=0,π
δ(y − lR)(q1w(l)2 − q2w(l)1 )∣∣Aa=2i=2∣∣2, (2.10)
Lw = e(4)
∑
l=0,π
δ(y − lR)(w(l)2 + iw(l)1 )
[
2Aa=2i=2
(∇4A+AV4 − 2iψ¯4ζ)a=2i=1
−2ζ¯ αˆ=1+ PRζ αˆ=1+ + 4iAa=2i=2ψ¯+ · γPRζ αˆ=1+ − 2(Aa=2i=2)2ψ¯m+γmnPLψn+
]
+ h.c.
+2e
(
e−1e(4)
∑
l=0,π
δ(y − lR)∣∣~w(l)∣∣)2(Aa=2i=2)2, (2.11)
Cai = e
−1e(4)
∑
l=0,π
δ(y − lR)
(
(M I=0)−1W I=04 12 + σ3
1 + (M I=0)−2(W I=04 )
2
)a
b
(i~w(l) · ~σ)bcAci. (2.12)
2 This contribution to the tensions does not exist in the case of gauging with Z2-odd coupling because
gR vanishes at the boundaries.
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Here e(4) is a determinant of the induced 4D vielbein and ~w
(l) = (w
(l)
1 , w
(l)
2 , 0). Then, the
total Lagrangian is obtained as
L = Lb + Lf + Ltension + Lw + Laux
∣∣
Fai→F
a
i+C
a
i
. (2.13)
Therefore the boundary tension is proportional to the constant w
(l)
1,2 and also the gauge
coupling gR. We successfully obtain an orbifold slice of AdS5 background if we tune the
complex constants W (l) to suitable values satisfying the RS relation (2.4).
As pointed out in Ref. [13], any value of W (l) does not allow a Killing spinor in 4D
Poincare´ invariant vacuum. This means that SUSY is spontaneously broken in the slice
of AdS5, if we choose the off-diagonal U(1)R-gauging ~q = (q1, q2, 0) with Z2-even gR. This
fact was originally pointed out in Ref. [22] in a framework of linear multiplet compensator
formalism. Here, notice that this class of theory admits the Scherk-Schwarz (SS) twist
even in a warped spacetime [15]. Thus, there might be a possibility that the twist recovers
SUSY in a slice of AdS5. We examine this possibility in Section 3, and show that any
value of twist parameter cannot recover SUSY.
2.2 Scherk-Schwarz twist
Before analyzing the Killing spinor equations, we show how to include the SS twist into
the previous SUGRA model described by the Lagrangian (2.13).
When we consider the torus compactification of fifth dimension, we have a nontrivial
physical parameter (even in the pure SUGRA) called the SS twist [14] or the Wilson line
associated to the SU(2)U symmetry [18]. Such a physical parameter can be introduced
in the framework of 5D conformal SUGRA in the following way [15].
The normal (untwisted) SU(2)U gauge fixing for the compensator scalar is given by
Aai ≡ δai
√
1 +AαjA jα . (2.14)
The SS twist can be incorporated into the theory by modifying this condition as
Aai ≡
(
ei~ω·~σ f(y)
)a
i
√
1 +AαjA jα , (2.15)
where ~ω = (ω1, ω2, ω3) is the twist vector which determines the magnitude and the direc-
tion of the twisting, and f(y) is a gauge fixing function satisfying f(y+ πR) = f(y)+ π.3
As shown in Ref. [15], the twist is possible only when the twisting direction is the same
as the U(1)R gauging direction, [(~q · i~σ), (~ω · i~σ)] = 0, i.e.,
~ω = ω (q1, q2, 0), (2.16)
otherwise the resulting Poincare´ SUGRA has an inconsistency pointed out in Ref. [16].
This fact can be seen as an explicit mass term for the graviphoton in our framework.
3 The function f(y) can be chosen arbitrarily as long as it satisfies this condition. The simplest choice
is f(y) = y/R.
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We can go back to the ordinary gauge fixing (2.14) by rotating Aai for the index a.
Then, the following additional terms [15] come out,
e−1Lω = f ′(y)(i~ω · ~σ)ab
{
ǫij(Aaj∇4Abi −Abi∇4Aaj) + 2iζ¯bγ4ζa
−4iψ¯imγ4γmζaAbi + 2iψ¯(imγm4nψj)n AbjAai −
1
N ǫ
jkV4
i
k(AbiAaj +AbjAai)
}
−(f ′(y)|~ω|)2ǫijǫabAbiAaj, (2.17)
in the bulk Lagrangian, where f ′(y) = (d/dy)f(y). In this basis, the total Lagrangian is
given by
L = Lb + Lf + Ltension + Lw + Lω + Laux
∣∣
Fai→F
a
i+C
a
i
, (2.18)
where the compensator is now in the periodic basis which follows the normal gauge fixing
(A.1).
2.3 On-shell Lagrangian
The terms containing V4
ij in the Lagrangian are collected as
e−1LV4ij = ǫjkǫli(V4 − V4 sol)ik(V4 − V4 sol)l j + 2(A+B)jiV4i j , (2.19)
where
Ai j = −
1
N f
′(y)ǫik
{
(ω2 − iω1)Aa=1k Aa=1j + (ω2 + iω1)Aa=2k Aa=2j
}
, (2.20)
Bij =
( Aa=2i=1B Aa=2i=2B
−(Aa=2i=2B)∗ (Aa=2i=1B)∗
)
, (2.21)
and
B = e−1e(4)
∑
l=0,π
δ(y − lR) (w(l)2 + iw(l)1 )Aa=2i=2. (2.22)
Here we have used the relations V i=1j=1 = (V
i=2
j=2)
∗, V i=1j=2 = −(V i=2j=1)∗, andAa=1i=1 = (Aa=2i=2)∗,
Aa=1i=2 = −(Aa=2i=1)∗.
Then we easily find
e−1LV4ij = −ǫjkǫli
{
−
(
V4 − (V4 sol + A +B)
)i
k
(
V4 − (V4 sol + A+B)
)j
l
+2(A+B)ikV4 sol
l
j + (A +B)
i
k(A+B)
l
j
}
, (2.23)
and the total Lagrangian (2.18) can be rewritten as
L = Lb + Lf + L′tension + L′w+ω + Laux
∣∣∣∣∣ Fai → Fai + Cai
V4
i
j → V4
i
j − (A+ B)
i
j
, (2.24)
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where
e−1L′tension = −4gRM I=0
∑
l=0,π
δl(y)
(
q1w
(l)
2 − q2w(l)1
)(
1 +A iαAαi
)
+2f ′(y)
∑
l=0,π
δl(y)(ω2w
(l)
2 + ω1w
(l)
1 )
(
1 +A iαAαi
)2
, (2.25)
e−1L′w+ω =
{∑
l=0,π
δl(y)(i~w(l) · ~σ)ij + f ′(y)(i~ω · ~σ)ij
}
×
{
2iζ¯βγ4ζαA jβ A iα
(
1 +A kγ A
γ
k
)−1
+ 4iψ¯imγ
4γmζαA jα
+
(
2iψ¯(imγ
m4nψj)n − 2Aα(i∇4A j)α + iNIJΩ¯Iiγ4ΩJj
)(
1 +A kβ Aβk
)}
−2
{∑
l=0,π
(
δl(y)|~w(l)|
)2
+
(
f ′(y)|~ω|
)2}(
1 +A iαAαi
)
A jβ A
β
j , (2.26)
and
δl(y) = e−1e(4)δ(y − lR). (2.27)
Note that the above expression is valid under the regularization satisfying δl(y)F (Φ+,Φ−) =
δl(y)F (Φ+, 0) for any regular function F of any Z2-even and Z2-odd fields Φ+ and Φ−.
Taking into account the superconformal gauge fixing conditions (A.1) which result in
M I=0 = 1 + · · · and Aai = δai + · · · , the tensions at the boundaries are written as
L′tension = −e(4)
∑
l=0,π
δ(y − lR)Λ(l) + · · · , (2.28)
Λ(l) = 2
(
2gRq1 − f ′(lR)ω2
)
w
(l)
2 − 2
(
2gRq2 + f
′(lR)ω1
)
w
(l)
1 , (2.29)
where ellipses stand for field-dependent terms. The bulk cosmological constant Λ induced
by the U(1)R gauging is found in Lb as
Lb ⊃ Lc.c. = 8
3
g2R(M
I=0)2|Aa=2i=2|2 = −Λ + · · · , (2.30)
where Λ = −6k2 and k = 2gR/3 is the AdS5 curvature scale in Eq. (2.3). The ellipsis
again stands for field dependent terms. By comparing (2.28) and (2.30), we find that the
RS relation (2.4) is satisfied if
6k = −
(
− 6kq1 + 2f ′(0)ω2
)
w
(0)
2 −
(
6kq2 + 2f
′(0)ω1
)
w
(0)
1
=
(
− 6kq1 + 2f ′(πR)ω2
)
w
(π)
2 +
(
6kq2 + 2f
′(πR)ω1
)
w
(π)
1 . (2.31)
Together with the consistency condition (2.16) for the twist vector ~ω, the relation
(2.31) results in
1 = (w
(0)
2 q1 − w(0)1 q2)−
ω
3k
f ′(0)(w
(0)
1 q1 + w
(0)
2 q2)
= −(w(π)2 q1 − w(π)1 q2) +
ω
3k
f ′(πR)(w
(π)
1 q1 + w
(π)
2 q2). (2.32)
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For instance, if the U(1)R gauging direction is ~q = (1, 0, 0) and the boundary constant
superpotentials W (0,π) are real, the RS condition (2.32) uniquely determines W (0,π) =
w
(0,π)
2 as
w
(0)
2 = −w(π)2 = 1. (q2 = 0, w(0,π)1 = 0) (2.33)
3 Killing spinor equations and SUSY breaking
Now we study the Killing conditions. The gravitino SUSY transformation is given by
δψiµ =
(
∂µ − 1
4
ω mnµ γmn +
1
2
bµ
)
εi − Vµijεj +
1
2
vmnγµmnε
i − γµηi, (3.1)
ηi = − NI
12N γ · Fˆ
I(W )ε+
NI
3N Y
I i
jε
j +
NIJ
3N Ω
I i2iε¯ΩJ , (3.2)
where εi is SUSY transformation parameter. To find a Killing spinor in the AdS5 back-
ground (2.3), we substitute the on-shell values of the auxiliary fields into Eq. (3.1), and
apply the superconformal gauge fixing conditions (A.1).
From δψiµ = 0, we find
1
3
NIY I i jεj = −
1
2
σ′(y)γ4ε
i, (3.3)
where σ′(y) = (d/dy)σ(y) = kǫ(y). This results in
σ′(y)εi=1 − 2
3
gR|Aa=2i=2|2M I=0(q1 − iq2)γ5εi=2 = 0,
σ′(y)εi=2 − 2
3
gR|Aa=2i=2|2M I=0(q1 + iq2)γ5εi=1 = 0. (3.4)
Substituting these equations into another condition δψy = 0 yields
∂yε
i − Vyijεj −
1
2
σ′(y)εi = 0. (3.5)
The transformation parameter εi is an SU(2)-Majorana spinor, and is recasted as two
Majorana spinors ε+ = ε
i=1
R +ε
i=2
L and ε− = i(ε
i=1
L +ε
i=2
R ), which are Z2-even and Z2-odd,
respectively. Then we obtain a relation between ε+ and ε− from Eq. (3.4) as
ε− = −(q2 − iq1γ5)ǫ(y)ε+. (3.6)
From (3.5) and (3.6), we obtain

∂y ε˜+R = −i(q2 − q1)(Vyi=2j=1)∗ǫ(y)ε˜+R,
∂y ε˜+L = i(q2 + iq1)Vy
i=2
j=1ǫ(y)ε˜+L,
∂y
(
ǫ(y)ε˜+R
)
= −i(q2 + iq1)Vyi=2j=1ε˜+R,
∂y
(
ǫ(y)ε˜+L
)
= i(q2 − iq1)(Vyi=2j=1)∗ε˜+L,
(3.7)
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where ε˜± ≡ e−σ(y)/2ε±.
To have a Killing spinor, Vy
i=2
j=1 must be in the form of
Vy
i=2
j=1 = (q1 + iq2)
(− iv + ∂yǫ(y)), (3.8)
where v is a real constant. The on-shell form of Vy = e
4
y V4 is determined by Eq. (2.23)
and we find
Vy
i=2
j=1 = (A+B)
i=2
j=1, (3.9)
where Ai j and B
i
j are given in Eq. (2.21). Comparing Eq. (3.9) with Eq. (3.8), we find
that, if f(y) is not a singular function,
w
(0)
1 = 2q2, w
(0)
2 = −2q1, w(π)1 = −2q2, w(π)2 = 2q1, (3.10)
is the condition for preserved SUSY in a slice of AdS5, which leads to relations,
q2w
(0)
1 − q1w(0)2 = −(q2w(π)1 − q1w(π)2 ) = 2(q21 + q22) = 2, (3.11)
and
w
(0)
1 q1 + w
(0)
2 q2 = w
(π)
1 q1 + w
(π)
2 q2 = 0. (3.12)
From these relations, we find that the RS relation (2.32) is never satisfied for SUSY-
preserving parameter choice (3.10), irrespective of the values of twist parameter ω. Note
that SUSY might be restored in a detuned case with an AdS4 background geometry.
4 4D gaugino and gravitino masses
From the analysis of Killing spinor, we have found that SUSY is spontaneously broken in
the orbifold slice of AdS5. The result also shows that the SS twist cannot restore SUSY
with vanishing 4D cosmological constant. This is contrast to the situation in the case
of Z2-odd coupling, where the tensions at the boundaries are automatically supplied by
the four-form mechanism generating such an odd coupling constant, and SUSY can be
preserved in an orbifold slice of AdS5.
Because SUSY must be broken with almost vanishing vacuum energy in our real
world, the model studied above can be one of interesting mechanisms for such realization.
Then, next, we study SUSY breaking structure more precisely by analyzing the 4D su-
perparticle spectrum. For simplicity, we consider the case with a physical Abelian vector
multiplet (nV = 1) with Z2-even parity and no physical hypermultiplet (nH = 0) coupled
to SUGRA, and show the lightest masses in the gaugino and gravitino spectra.
The gaugino and gravitino bilinear terms in our model are collected as
e−1L(2)1/2 = 2iaIJΩ¯Ii∇/ ΩJi + 2iN IJNJKLAai(gtI)abAbjΩ¯KiΩLj + 2iaIJ(Aai∂yAaj)Ω¯IiγyΩJj
= iΩ¯i∇/ Ω i − iΩ¯i
(
1
2
m
(q)
ij − iγ5m(ω)ij
)
Ωj + · · · , (4.1)
e−1L(2)3/2 = −2iψ¯iµγµνρ∇νψρi − 2iM IAai(gtI)abAbjψ¯(imγmnψj)n − 2iAai∇nAajψ¯(imγmnkψj)k
= 2iψ¯iµγ
µνρ∇ρψνi + 2iψ¯(imγmn
(
3
2
m
(q)
ij − iγ5m(ω)ij
)
ψj)n + · · · , (4.2)
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where the compensator scalar Aai is in the twisted basis (2.15). The ellipses denote cubic
or higher-order terms, and the mass parameters are given by
m
(q)
ij = k
(
q2 − iq1 0
0 q2 + iq1
)
, (4.3)
m
(ω)
ij = f
′(y)
(
ω2 − iω1 0
0 ω2 + iω1
)
−
∑
l=0,π
e−1e(4)δ(y − lR)
(
w
(l)
2 − iw(l)1 0
0 w
(l)
2 + iw
(l)
1
)
. (4.4)
Both Ωi and ψiµ are SU(2)-Majorana spinors satisfying Ω¯
i ≡ (Ωi)†γ0 = (Ωi)TC5 where
C5 is a 5D charge conjugation matrix. We can decompose them into two Weyl spinors as,
e.g.,
Ωi=1 =
(
λα
−iξ¯α˙
)
, Ωi=2 =
( −iξα
λ¯α˙
)
. (4.5)
We rearrange them into usual Majorana spinors Ω± in the Z2-eigenstates satisfying
(Ω±)
†γ0 = (Ω±)
TC4, where C4 is a 4D charge conjugation matrix, as
Ω+ =
(
λα
λ¯α˙
)
, Ω− =
(
ξα
ξ¯α˙
)
. (4.6)
These spinors are expanded into Kaluza-Klein (KK) modes as
λα = e
2σ(y)
∑
n
f (+)n (y)λ
(n)
α (x),
ξα = e
2σ(y)
∑
n
f (−)n (y)ξ
(n)
α (x), (4.7)
where complex wavefunctions f
(±)
n (y) are solutions to the following equations,
i∂yf
(−)
n (y) + e
σ(y)Mn(f
(+)
n (y))
∗ + (µ
(1)
+ + iµ
(2)
+ )f
(+)
n (y) = 0,
i∂yf
(+)
n (y)− eσ(y)Mn(f (−)n (y))∗ − (µ(1)− + iµ(2)− )f (−)n (y) = 0. (4.8)
Here, Mn is the KK mass eigenvalues, and
µ
(1)
± = skq1 ± Rem(ω)22 ,
µ
(2)
± = ±skq2 − Imm(ω)22 , (4.9)
where s = 1/2, 3/2 for gaugino and gravitino, respectively.
For a simple parameter choice (2.33) and a gauge fixing function f(y) = y/R, the KK
equations (4.8) are written as
∂ya
(+)
n (y) + (e
σ(y)Mn − sk)a(−)n (y)− (ω/R) b(−)n (y) = 0,
∂ya
(−)
n (y)− (eσ(y)Mn + sk)a(+)n (y)− (ω/R) b(+)n (y) = 0,
∂yb
(+)
n (y)− (eσ(y)Mn + sk)b(−)n (y) + (ω/R) a(−)n (y) = 0,
∂yb
(−)
n (y) + (e
σ(y)Mn − sk)b(+)n (y) + (ω/R) a(+)n (y) = 0, (4.10)
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where real wavefunctions a
(±)
n (y) and b
(±)
n (y) are defined by
f (+)n (y) = a
(+)
n (y) + ib
(+)
n (y),
f (−)n (y) = i(a
(−)
n (y) + ib
(−)
n (y)). (4.11)
The boundary conditions can be extracted from the delta-functions in m
(ω)
22 of Eq. (4.9),
and are found in this case as
2a(−)n (0 + ε) + a
(+)
n (0) = 0,
2a(−)n (πR− ε) + a(+)n (πR) = 0,
2b(−)n (0 + ε) + b
(+)
n (0) = 0,
2b(−)n (πR− ε) + b(+)n (πR) = 0, (4.12)
where ε is a positive infinitesimal. Note that a(−)(y) and b(−)(y) are discontinuous at the
boundaries.
In the case of SUGRA with Z2-odd coupling, Dirac-type bulk mass terms such as Ω¯+Ω−
are generated, which results in the Bessel-type wavefunctions. On the other hand, in the
case of Z2-even coupling, we have Majorana-type mass terms such as Ω¯+Ω+, Ω¯−Ω−. In
the latter case, we cannot solve analytically the first-order coupled differential equations
(4.10). Therefore, we show some numerical results for the mass eigenvalues in the case of
simple parameter choice shown in Eq. (2.33).
In Fig. 1, the πkR dependences of the gaugino and gravitino mass spectra are given
for ω = 0 up to the third KK excited modes. In Fig. 2 (a), the masses of the lightest
modes are shown together for ω = 0, 1/8, 1/4, 3/8, 1/2. The small πkR region of Fig. 2
(a) is magnified in Fig. 3 (a). From these figures, we find that, for πkR≫ 1, the lightest
gaugino and gravitino masses behave like m1/2, m3/2 ≈ e−πkRk which is exponentially
suppressed as is expected from the highly warped geometry. The effect of the SS twist
is negligible in this region. On the other and, it becomes more important in the region
πkR < 2.
The overall SUSY breaking scale can be read off from the lightest gravitino mass
m3/2. The next important quantity is the gaugino/gravitino mass ratio m1/2/m3/2, which
is shown in Fig. 2 (b). The small πkR region of Fig. 2 (b) is magnified in Fig. 3 (b).
The ratio takes minimum value at πkR ∼ 2 which is about 0.2. In the flat limit k → 0,
the ratio m1/2/m3/2 converges on unity when ω 6= 0. This is the same ratio as in the
case of the radion mediation in flat space which is equivalent to the SS SUSY breaking in
flat space [18]. When ω = 0, SUSY is restored in the flat limit, and both m1/2 and m3/2
approach to zero.
5 Summary and discussions
We have studied the five-dimensional SUGRA compactified on an orbifold S1/Z2 where
the U(1)R symmetry is gauged by the graviphoton with Z2-even coupling. In order to
include superpotential terms at the orbifold boundaries as well as matter fields, we worked
in the off-shell formulation of 5D SUGRA. For generality, we have introduced the SS twist
parameter in the Lagrangian. After integrating out the auxiliary fields, the on-shell action
11
is obtained including tensions induced by the constant superpotentials at the boundaries,
and the Killing spinor equations are derived in an orbifold slice of AdS5. It has been
shown that the equations do not allow a Killing spinor on such background irrespective
of the value of twist parameter ω, that means SUSY is spontaneously broken on this
background and the SS twist cannot restore it.4
We have also shown the details of SUSY breaking when the constant superpotential
terms at the boundaries are tuned such that the 4D cosmological constant vanishes. The
KK equations for the bulk gaugino and gravitino wavefunctions are derived, which do not
have an analytic expressions for the solutions in contrast to the case of SUGRA with Z2-
odd coupling. This is due to the existence of the Majorana-type bulk mass instead of the
Dirac-type. A numerical computation for the KK mass eigenvalues has been performed.
The result shows that the 4D (lightest) gaugino and gravitino masses behave as m1/2,
m3/2 ≈ e−πkRk in the large warping region πkR ≫ 1 that possesses a large exponential
suppression, but a negligible effect of the SS twist. On the other hand, the twist provides
a sizable effect in the small warping region πkR < 2.
The ratio between the gaugino and the gravitino masses m1/2/m3/2 is suppressed at
most by a factor of O(1/10) within the whole range of warping parameter, πkR (at least
for the simple parameter choice (2.33)). Then the mediation of SUSY breaking to the
gaugino mass will be interpreted as a modulus-dominated one (radion mediation), and
the contribution from 4D chiral compensator at the loop level [23] is negligible. However,
in the region πkR ≫ 1, the messenger scale can be naturally very low compared to the
modulus (radion) mediation in a flat space without fine-tuning. Then, we may realize a
low scale modulus mediation without fine-tuning within our framework. For more detailed
study about the low energy phenomenology, the 4D effective theory in N = 1 superspace
would be useful. A direct and systematic derivation for such 4D effective action starting
from the off-shell SUGRA is given in Ref. [24] based on the N = 1 superfield description
of 5D SUGRA proposed in Ref. [25] and developed in Ref. [26]. An application of these
effective action method to the present model will be interesting and instructive.
The orbifold radius remains as a modulus in our simple setup. If we introduce, e.g.,
some boundary induced potential terms to stabilize the radion, they can generate constant
terms in the boundary actions after the radion has a vacuum expectation value. The
constant superpotentials on the boundaries in our model may originate from such constant
terms. In such sense, the radion stabilization mechanism would have some connection to
the SUSY breaking structure studied in this paper.
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A Off-shell formulation of 5D orbifold supergravity
In this appendix we review the hypermultiplet compensator formulation of 5D conformal
(off-shell) SUGRA derived in Refs. [12, 13].
The 5D superconformal algebra consists of the Poincare´ symmetry P , M , the dilata-
tion symmetry D, the SU(2) symmetry U , the special conformal boostsK, N = 2 super-
symmetry Q, and the conformal supersymmetry S. We use µ, ν, . . . as five-dimensional
curved indices and m,n, . . . as the tangent flat indices. The gauge fields correspond-
ing to these generators XA = Pm, Mmn, D, U ij, Km, Qi, Si, are respectively h
A
µ =
e mµ , ω
mn
µ , bµ, V
ij
µ , f
m
µ , ψ
i
µ, φ
i
µ, in the notation of Refs. [12, 13]. The index i = 1, 2 is the
SU(2)U-doublet index which is raised and lowered by antisymmetric tensors ǫ
ij = ǫij .
In this paper we are interested in the following superconformal multiplets:
• 5D Weyl multiplet: (e mµ , ψiµ, V ijµ , bµ, vmn, χi, D),
• 5D vector multiplet: (M , Wµ, Ωi, Y ij)I ,
• 5D hypermultiplet: (Aαi, ζα, Fαi).
Here the index I = 0, 1, 2, . . . , nV labels the vector multiplets, and I = 0 component
corresponds to the central charge vector multiplet5. For the hypermultiplets, the index
α runs as α = 1, 2, . . . , 2(nC + nH) where nC and nH are the numbers of the compen-
sator and the physical hypermultiplets, respectively. In this paper we adopt the single
compensator case, nC = 1, and separate the index α such as α = (a, α) where a = 1, 2
and α = 1, 2, . . . , 2nH are indices for the compensator and the physical hypermultiplets,
respectively.
A superconformal gauge fixing for the reduction to 5D Poincare´ SUGRA is given by
D : N =M35 ≡ 1,
U : Aai ∝ δai, (nC = 1)
S : NIΩIi = 0,
K : N−1DˆmN = 0,
(A.1)
where N = CIJKM IMJMK is the norm function of 5D SUGRA with a totally symmetric
constant CIJK , and NI = ∂N /∂M I . The derivative Dˆm denotes the superconformal
covariant derivative. Throughout this paper we take the unit of the 5D Planck mass,
M5 = 1.
The off-shell action for 5D SUGRA on S1/Z2 orbifold is given by [12]
S =
∫
d4x
∫
dy
{
Lb + Lf + Laux +
∑
l=0,π
L(l)δ(y − lR)
}
, (A.2)
where Lb, Lf , Laux and LN=1 are the Lagrangians for the bosonic, fermionic, auxiliary
5 Roughly speaking, the vector field in this multiplet corresponds to the graviphoton.
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fields and the boundary Lagrangian, respectively, given by
e−1Lb = −1
2
NR− 1
4
NaIJF IµνF µνJ +
1
2
NaIJ∇mM I∇mMJ + 1
2
N IJY ijI YJij
+∇mAα¯i∇mA iα +Aα¯i(g2M2) βα A iβ +N−1(Aα¯i∇mA jα )2
+
1
8
e−1cIJKǫ
λµνρσW Iλ
(
F JµνF
K
ρσ +
1
2
g[Wµ,Wν ]
JFKρσ +
1
10
g2[Wµ,Wν ]
J [Wρ,Wσ]
K
)
,
e−1Lf = −2iN ψ¯µγµνρ∇νψρ + 2iNaIJΩ¯I∇/ΩJ − 2iζ¯ α¯(∇/ + gM)ζα
−2iAα¯i∇nAαjψ¯ (im γmnkψ j)k + 2iaIJAα¯i∇mAαjΩ¯Ii γmΩJj − 4i∇nAα¯iψ¯imγnγmζα
+N (ψ¯mψn)(ψ¯kγmnklψl + ψ¯mψn) +N (aIJΩ¯IiγmΩJj)2 − igNI [Ω¯,Ω]I
+
1
8
(ψ¯kγ
mnklψl + 2ψ¯
mψn + aJKΩ¯
JγmnΩK + ζ¯ α¯γmnζα)
2
+
i
4
NIF Imn(W )(ψ¯kγmnklψl + 2ψ¯mψn + aJKΩ¯JγmnΩK + ζ¯ α¯γmnζα)
+iNaIJ ψ¯m(γ · F I(W )− 2∇/M I)γmΩJ
−2NaIJ(Ω¯Iγmγnkψm)(ψ¯nγkΩJ) + 2NaIJ(Ω¯Iγmγnψm)(ψ¯nΩJ )
+
1
4
iNIJKΩ¯Iγ · F J(W )ΩK − 2
3
(Ω¯IγmnΩJ ψ¯mγnΩ
K + ψ¯i · γΩIjΩ¯J(iΩKj)),
e−1Laux = D′(A2 + 2N )− 8iχ¯′iAα¯iζα −
1
2
NIJ(Y Iij − Y Iijsol )(Y Jij − Y Jij sol)
+2N (v − vsol)mn(v − vsol)mn −N (Vµ − Vsolµ)ij(V µ − V µsol)ij
+
(
1−W I=0µ W I=0µ/(M I=0)2
)
(F α¯i −F α¯i sol)(F iα − F iα sol), (A.3)
and
L(l) = −3
2
[
φφ¯e−K
(l)(S,S¯)/3
]
D
+
[
f
(l)
IJ (S)W
IαW Jα
]
F
+
[
φ3W (l)(S)
]
F
. (A.4)
Here we have used some expressions defined as
Fαi sol = −M I=0(gtI=0)αβAβi,
V ijsolm = −
1
2N
(
2Aα¯(i∇mA j)α − iNIJΩ¯IiγmΩJj
)
,
vsolmn = − 1
4N
{
NIF Imn(W )− i
(
6N ψ¯mψn + ζ¯ α¯γmnζα − 1
2
NIJΩ¯IγmnΩJ
)}
,
Y Iijsol = N IJY ijJ , Fαsol i = M I=0(gtI=0)αβAβi,
Y ijI = 2A (iα (gtI)α¯βA j)β + iNIJKΩ¯JiΩKj , (A.5)
and D′, χi
′
are shifted auxiliary fields from D, χi in the Weyl multiplet respectively
for which we omit the explicit form (see Ref. [12]). The notation A(iBj) is defined as
A(iBj) = (AiBj + AjBi)/2.
The bulk gauge kinetic function aIJ is calculated as
aIJ ≡ −1
2
∂2
∂M I∂MJ
lnN = − 1
2N
(
NIJ − NINJN
)
. (A.6)
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Weyl multiplet
Π = +1 e mµ , e
4
y , ψµ+, ψy−, ε+, η−, bµ, V
(3)
µ , V
(1,2)
y , v4m, χ+, D
Π = −1 e 4µ , e my , ψµ−, ψy+, ε−, η+, by, V (3)y , V (1,2)µ , vmn, χ−
Vector multiplet
Π(M) M, Wy, Y
(1,2), Ω−
−Π(M) Wµ, Y (3), Ω+
Hypermultiplet
Π(A2αˆ−1i=1 ) A2αˆ−1i=1 , A2αˆi=2, F2αˆ−1i=2 , F2αˆi=1, ζ αˆ+
−Π(A2αˆ−1i=1 ) A2αˆ−1i=2 , A2αˆi=1, F2αˆ−1i=1 , F2αˆi=2, ζ αˆ−
Table 1: The Z2 parity assignment. The under-bar means that the index is 4D one. The
subscript ± for all the SU(2) Majorana spinors is defined as, e.g. ψ+ = ψi=1R + ψi=2L and
ψ− = i(ψ
i=1
L + ψ
i=2
R ) where ψR,L = (1 ± γ5)ψ/2, except for ζ αˆ+ = i(ζα=2αˆ−1L + ζα=2αˆR ) and
ζ αˆ− = ζ
α=2αˆ−1
R + ζ
α=2αˆ
L (αˆ = 1, . . . , nC + nH).
The nV + 1 gauge scalar fields M
I are constrained by D gauge fixing shown in Eq. (A.1)
resulting nV independent degrees of freedom. For hyperscalars Aαi, the notation α¯ in the
action stands for Aα¯i = d αβ Aβi where d βα ≡ diag(12nC ,−12nH ).
It was shown in Ref. [12, 13] that the above off-shell SUGRA can be consistently com-
pactified on an orbifold S1/Z2 by the Z2-parity assignment shown in Table 1 without loss
of generality. In the boundary action, φ is the N = 1 compensator chiral multiplet with
the Weyl and chiral weight (w, n) = (1, 1) induced by the 5D compensator hypermulti-
plet, while S andW Iα stand for generic chiral matter and gauge (field strength) multiplets
with (w, n) = (0, 0) at the boundaries which consist of either bulk fields or pure boundary
fields. The symbols [· · · ]D and [· · · ]F represent the D- and F -term invariant formulae,
respectively, in the N = 1 superconformal tensor calculus [13, 21]. Without the boundary
N = 1 action LN=1, the auxiliary fields on-shell are given by Vµ = Vsolµ, vmn = vsolmn,
Y Iij = Y Iijsol , Fαi = Fαsol i, and Laux finally vanishes on-shell, e−1Lon-shellaux = 0.
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(a) Gaugino: s = 1/2, ω = 0
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Figure 1: Numerical results for (a) the gaugino and (b) the gravitino mass spectra up to
the third KK excited modes in terms of a dimensionless quantity πkR. The parameters
in the model are chosen as in Eq. (2.33).
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(a) The lightest gaugino (s = 1/2) and gravitino (s = 3/2) masses.
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(b) The lightest gaugino/gravitino mass ratio.
Figure 2: Numerical estimation for the effect of the SS twist ω on the masses of the
lightest modes in the gaugino and the gravitino KK spectra. (a) The lightest gaugino and
gravitino masses are shown together, and (b) the lightest gaugino/gravitino mass ratio is
shown for various values of the SS twist, ω. The parameters in the model are chosen as
in Eq. (2.33).
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(a) The lightest gaugino (s = 1/2) and gravitino (s = 3/2) masses.
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Figure 3: The small πkR region of Fig. 2 is magnified.
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